The purpose of this study is to evaluate the effect of intradiscal cement leakage on the height of adjacent cementcontaining discs and the resulting clinical efficacy after kyphoplasty.
Introduction
Vertebroplasty and kyphoplasty are minimally invasive techniques that are used to treat osteoporotic vertebral compression fractures. 1, 2 Cement leakage is a common complication of these techniques. According to Yeom's study, 3 cement leaks through three pathways: via the basivertebral vein, via the segmental vein or via cortical defect. Through the cortical defect, the cement can leak into the adjacent discs. Although intradiscal cement leakage (IDL) is considered as a benign complication without any clinical symptoms, it has been identified as an important risk factor for subsequent fractures. [5] [6] [7] [8] [9] [10] [11] However, the effect of IDL on the disc itself has not been reported. One preliminary study demonstrated that disc degeneration adjacent to the fractured vertebra was ac-celerated after vertebroplasty and kyphoplasty procedures compared with conservative treatment during two years of follow-up.
Disc height is a parameter that is known to be correlated with the degree of disc degeneration. Pfirrmann et al. 12 demonstrated that disc height reduction was strongly associated with disc degeneration in elderly patients. In many previous studies, [13] [14] [15] [16] disc height measurements were adopted to evaluate adjacent disc degeneration in clinical studies and experiments. Disc height reduction was commonly observed after thoracolumbar fractures and associated with progressive local kyphosis and pain in patients who were treated conservatively or by open surgery. However, changes in the height of the adjacent disc, especially those with cement leakage, were previously un-known. In this study, we evaluated the effect of intradiscal cement leakage on the height of the adjacent cement-containing disc and the resulting clinical efficacy.
Materials and Methods

Patient Selection
We retrospectively analyzed 283 patients who were diagnosed with vertebral fractures (T11-L5) and underwent single level percutaneous balloon kyphoplasty (BKP) with polymethylmethacrylate (PMMA) in our institution from January 2008 to June 2011. Cement leakage from augmented vertebrae into adjacent discs was detected by postoperative radiographs and computed tomography (CT) scans.
Patients were excluded if they met any of the following criteria:
• Pathological vertebral fractures secondary to tumor or inflammation • Contraindicated for MRI or presented with severe disc degeneration adjacent to fractured vertebra on preoperative MRI (≥ grade 6 according to modified Pfirrmann grading system) • Presence of old fracture or previous augmentation at superior or inferior vertebra adjacent to painful vertebra • Developed subsequent new fractures during follow-up • Followed up for less than one year Characteristics of the patients, including age, gender, BMD, history of smoking and drinking, fracture age and fracture location, were recorded.
Surgical Techniques
Individualized BKP was carried out according to previously published techniques through a bilateral transpedicular approach using Kyphon (Sunnyvale, CA, USA) instruments and PMMA cement. For patients with endplate fracture, dynamic fluoroscopic monitoring by C-arm was performed when cement was close to the fractured endplate. If IDL was noted, the injection was stopped immediately. After the cement was hardened for several minutes, the injection continued if the fractured vertebra was not ade-quately filled. The total volume of injected cement per vertebra was recorded. The patients were discharged one day after surgery.
Radiological and Clinical Assessment
All patients were followed up one day after surgery and at last follow-up. The results of radiological and clinical assessment were recorded.
The radiological examinations were performed by experienced radiologists. Anteroposterior and lateral radiographs were taken in standard supine position, and the X-ray beam was centered in the treated level. All image data were assessed by two radiologists (Q. M. and H.F.Z.) independently using the PACS imaging display software (Neusoft Inc., Shenyang, China), and the final decision was made by consensus. The fractured vertebrae were classified into one of three types: wedge, biconcave or crush. The severity of the fractured vertebra was graded as grade 1 (≤ 25% collapse), grade 2 (25%-40% collapse) or grade 3 (≥ 40% collapse). Endplate fracture was detected on preoperative MRI or three-dimensional reconstructive CT images. The presence of intravertebral cleft was defined as the presence of intravertebral fluid or air on the MRI. Using the method reported by Griffith et al., 17 the preoperative degree of degeneration of superior discs adjacent to the fractured vertebrae in group B and of the subsequent cement-containing discs in group A was classified into 8 grades according to the preoperative MRI.
The height of the cement-containing discs in group A was measured using Farfan's method. We chose the height measured one day after surgery as the baseline value. The shortest distances between the anterior and posterior edges of the neighboring endplates were measured on standard supine lateral radiographs and were recorded as the anterior disc height (Ha) and posterior disc height (Hp). The disc diameter (DM) was measured between the midpoints of the lines drawn from the endpoints of the superior vertebral endplate to the inferior (Figure 1 ). Then, the Farfan index was calculated as [(Ha + Hp)/ DM]*100%. Disc height reduction (DHR) is the value of the Farfan index one day after surgery minus the Farfan index at last follow-up. DHR rate was expressed as DHR/baseline Farfan index*100%. The height of superior discs adjacent to augmented vertebrae in group B was measured as control.
Clinical efficacy was assessed using visual analog scale (VAS) (on a scale of 0-10; 0-no pain, 10-worst pain) and Oswestry Disability Index (ODI) scores for pain and functional assessment.
Statistical Analysis
Statistical analysis was performed with SPSS version 19.0 software (SPSS, Inc, Chicago, IL, USA). A Pvalue less than 0.05 was considered statistically significant. The differences in the characteristics of patients and fractured vertebrae, total cement volume and baseline corresponding disc parameters were analyzed using a t-test or Mann-Whitney U test for continuous variables and a Chi-square test for categorical variables.
The changes in the Ha, Hp and Farfan indexes, VAS and ODI scores were analyzed one day after surgery and at last follow-up in each group using Wilcoxon signed-rank test in each group. The VAS score, ODI score, Farfan index, DHR and DHR rate were compared between the groups by means of the Mann-Whitney U test at last follow-up.
Results
We retrospectively analyzed 283 patients, and 159 patients were excluded from the study. The remaining 124 patients were then classified into two groups: group A contained 20 patients with IDL, and group B included 104 patients without IDL. A total of 21 males and 103 females were included, with an average age of 65.52±8.10 years (range from 50 to 84). The mean follow-up time was 20.56±3.51 months. The distribution of IDL was as follows: 1 disc (level T10-T11), 6 discs (level T11-T12), 6 discs (level T12-L1), 5 discs (level L1-L2) and 2 discs (level L2-L3). The characteristics of the patients and fractured vertebrae, stratified by the presence or absence of IDL, were summarized in Table 1 . The total cement volume, which was 5.78±0.80 ml in group A and 5.08±0.97 ml in group B, showed a statistically significant difference between the groups (P=0.003). No other statistically significant differences were detected between the groups. 
Surgical characteristics
Total PMMA volume, ml 5.78±0.80 5.08±0.97 .003 * Preoperative modified Pfirrmann disc grades showed no statistically significant differences (P=0.799). As shown in Table 2 , 90% of the corresponding discs in group A and 83.7% in group B were classified as grade 3 or grade 4. Furthermore, the baseline Ha, Hp, DM and Farfan Index showed no statistically significant differences between the groups (P > 0.05).
The Ha, Hp and Farfan Index significantly decreased in both groups (Table 3) . At last follow-up, the anterior disc heights were significant different between the groups.
The Farfan Indexes were also statistically significant Table 2 . Baseline disc characteristics. follow-up. In addition, there were no statistically significant differences between the groups (P=0.253 and P=0.122, respectively).
Discussion
Disc height is a parameter known to be correlated with the amount of disc degeneration. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Measurement of disc height with Farfan's method has been proven to be reliable and to have very low intra-and inter-observer errors. Disc height reduction may be the result of aging, smoking, osteoporosis, endplate fracture or other factors. Thus, we evaluated these factors preoperatively, as shown in Table 1 ; no statistically significant differences in these factors were identified. Furthermore, the degree of degeneration of preoperative corresponding discs was evaluated, and no statistically significant difference was found between the groups (P=0.799).
In our study, we found that the cement volume in group A was larger than that in group B. A larger volume is more likely to result in extravasations. Most leakages are asymptomatic; however, some of the leakages may cause radicular pain, spinal cord compression or even pulmonary embolism. During our operation, if intradiscal cement leakage was noted, the injection was stopped immediately. After the cement hardened for several minutes, the injection continued if the fractured vertebra was not adequately filled.
With an average of 20 months of follow-up, we found that disc height reduction occurred in both groups. Kyphoplasty was used to stabilize the fractured ver- tebrae with an injection of cement into the vertebral body, which may have damaged the main route of nutrition supply to the adjacent disc. Furthermore, the stiffer PMMA within vertebral body reduces the physiologic inward bulging of the endplates of augmented vertebrae and increases the adjacent intradiscal pressure. Thus, the adjacent discs are unhealthy, and varying degrees of height reduction may occur after kyphoplasty. However, the reduction in group A was significantly larger than that in group B. According to previous studies, disc degeneration should be interpreted as when the disc height reduction rate is approximately 20% on standard lateral X-ray films. This verifies our hypothesis that cement leakage into the adjacent disc is associated with adjacent cementcontaining disc degeneration.
The space occupying effect of PMMA within the disc increases the intradiscal pressure. Sonmez et al. 29 reported a case that developed lumbar disc herniation after PVP (percutaneous vertebroplasty) accompanied by IDL. The authors stated that intradiscal PMMA increased the intradiscal pressure and accelerated the degenerative process. The exothermic reaction during PMMA polymerization is a potential danger to discs or posterior neural structures if PM-MA leaked. Lai et al. 30 found that cement that leaked into the spinal canal significantly increased the temperature of the posterior cortex of porcine vertebral bodies in vitro. Belkoff et al. 31 reported that the internal vertebral body temperature elevation that occurred during the polymerization of PMMA was sufficiently high to pose a risk of thermal injury to the surrounding tissues. Furthermore, the heat produced by PMMA polymerization in adjacent discs was not 32 The intradiscal toxic monomers and PMMA debris may inhibit the viability of disc cells and promote apoptosis or necrosis of disc cells.
Our study shows that IDL and the resulting disc height reduction do not weaken clinical efficacy. It is in agreement with previous studies. Schulte et al. 8 and Miyakoshi et al. 10 concluded that DHR in segments adjacent to lumbar fusion were not correlated with clinical outcome. Mirovsky et al. 5 reported that IDL was not found to affect clinical efficacy within two years of follow-up after vertebroplasty. Though the clinical efficacy is not weakened at an early stage, as shown in our study, the long-term results remain uncertain, especially considering the gradually reduced disc height and aggravated disc degeneration.
There are several limitations in our study, though the inclusion and exclusion criteria were strict. First is the lack of postoperative MRI examination due to its high cost and inconvenience for older patients. MRI is considered a better method to detect disc degeneration at early stages, which may not present disc height reduction on radiographs. 33 Combining MRI with radiographs may be more accurate in reflecting disc degeneration in future studies. Second, this is a retrospective study. Further prospective and wellcontrolled studies with larger sample sizes are needed to investigate the overall effects of IDL on local spinal segments.
